Abstract
INTRODUCTION
Aflatoxin contamination in agricultural products, such as cereals and nuts, affected from pre-harvest, harvest and post-harvest handling. Aflatoxin contamination in postharvest agricultural products both at farmers, collectors and traders showed a value that exceeds the threshold of food security. The high aflatoxin contamination will adversely affect health and not be able to meet food safety standards.
Computer vision technology such as a machine vision is able to replace human perception using computer devices which is easily adapt to the environment, to retrieve and process data, to give the reaction process, and to learn based on the learning experience to increase the performance (Sebe, et al, 2005; Lu, 1993) .
Development of machine vision that works based on digital image processing of a captured images by a digital camera has significantly increase and gained success in various applications such as identification, detection, classification, and segmentation of agricultural materials. This method can speed up the time of analysis, has low cost, and is carried out non-destructively without damaging the samples.
Non-destructive detection of microbes and bacteria using digital image processing has gained success in its application. Detection of pathogenic bacteria in Escherichia coli DNA Slide Microarrays using automated image analysis algorithms and classification has an error rate of 1.4% of the samples test (Haff, et al, 2010) . Using photoacoustic spectroscopic and pattern classification technique using neural network, Gordon (2009) was able to detect level of fungal contamination in food. Detection of fertility level that occurs in eggs to reduce the risk level of hatching failure has been done by Faridah, et al (2008) using a machine vision. The embryo development is unable to see by naked eyes. Therefore, a digital camera was modified having a gray level between the 23 to 43 in order to detect the embryo fertility in the eggs which in turn reached 92.36% accuracy. Aflatoxin contamination in the distribution chain of corn-based food products using TLC was conducted by Kusumaningrum, et al (2010) . The TLC method analyzed in the laboratory showed that 20% of the samples had contamination level greater than 20ppb. Using ultraviolet light and a digital camera Lowe, et al (2003) was capable of detecting the presence of scorpions. This research aimed at developing a machine vision tools to detect non-destructive aflatoxin contamination in peanuts after harvest.
MATERIAL AND METHODS

Samples
The samples consisted of aflatoxin contaminated and uncontaminated peanuts taken from farmers in Sleman Yogyakarta which have been classified by experience peanut vendors. Peanuts having higher than 20 ppb of aflatoxin were categorized as aflatoxincontaminated peanuts. Fig. 1 shows samples of uncontaminated and contaminated peanuts. Total samples were 48 seed images consisting of aflatoxin contaminated and uncontaminated peanuts. Image processing and analysis will then be done to classify peanuts based on contaminated cluster and uncontaminated cluster. 
Development of machine vision technology
Machine vision mimics the workings of human visual system which is very complex. People look at the object with the eyes. The object image was then transmitted to the brain to be interpreted so that people understand what the object is. The results of this interpretation may be used for decision making. Machine vision is an automated process that integrates a large number of processes for visual perception, such as image acquisition, image processing, classification, recognition, and decision (Bigun, 2006) . Machine vision consists of techniques to estimate the characteristics of objects in the image, to measure object geometry, and to interpret information geometry. Machine vision process comprises three main activities: 1) image capturing, 2) image processing, 3) image analyzing.
In this research, the machine vision system consisted of a computer and a box having dimension of 23 x 40 x 16 cm3 with a 2-megapixel resolution web camera, object apparatus, and 2 of 8W UV light attached to it. 
Development of image processing program
Design of application programs was compiled using the Matlab and Image Processing ToolBox. Image processing methods consisted of analysis of the mean color of RGB (Red Green Blue) in the region of interest, convertion of RGB into HSV (Hue Saturation Value), segmentation process, as well as convertion image into grayscale and binary objects in order to obtain the total number of pixels value in the object area so that the mean value of the pixels of the area can be calculated. RGB components were obtained directly from the color image, while the index of each component was obtained after the normalization process as follows: The conversion of color images into grayscale was done by using the average grayscale value of each layer of R, G, and B, as follows: (5) with α=0.35, β=0.25 and δ=0.4 so that α + β + δ = 1
To capture image having various RGB color on its background, conversion need to be done to get a high saturated color. Conversion of RGB color into HSV format was done as follows:
To get Hue (H) values do the following statement: if R=V, then H = 1/6 (G-B)/ δ, if G=V, then H = 1/6 (2+ (B-R/δ), if B=V, then H = 1/6 (4+ (R-G/δ).
Classification method using K-means
To differentiate between uncontaminated and contaminated objects, classification analysis was performed using k-means algorithm. K-Means is a method of analyzing the data to classify object without training (unsupervised learning). Object classification is done by the partition system. K-means clustering method attempts to minimize variations among the data in a group (cluster) and to maximize the variation using data from the other group. K-means algorithm uses an iterative calculation that minimizes the distance of each object to the center of the cluster on all the cluster groups.
Image capturing and processing
The images which will be processed should be in JPG file. To determine the level of contamination on peanuts consisted of several steps, i.e. determination of the average pixel value of the image resulted from image segmentation using image processing algorithm, conversion of the original image into grayscale, determination of contaminated and uncontaminated area, as well as assignment of value toward contaminated and uncontaminated area. Fig.3 . shows the flow in identifying the contamination. Figure 3 The flow of image processing method to determine contamination in peanuts
Analysis of image processing program
Image processing algorithm shown in Fig.3 was done on the images captured by a machine vision. The images were then processed using the following steps:
RGB image of samples were converted into HSV format to distinguish color contrast between object and background.
To differentiate between object and its background, a segmentation process was applied followed by conversion into binary images. These processes resulted in objects in white color (0 binary values) and background in black color (1 binary value). The next process was to determine the center point of identified object to determine the object area. The area was then analyzed to measure the average and deviation standard of pixel values. Contaminated area was identified using a selected threshold value resulted during conversion of RGB to grayscale image. Contaminated and uncontaminated area can be differentiating based on its intensity value. Kmeans clustering algorithms aim at classifying the contaminated and uncontaminated peanuts.
RESULT AND DISCUSSION
Results of image processing in identifying contaminated peanuts
The average pixel values of R, G, and B color of contaminated and uncontaminated peanuts were shown in Fig. 4, Fig. 5, and Fig.  6 , respectively. Figure 4 The average pixel value of Red (R) color of contaminated and uncontaminated peanuts Figure 5 The average pixel value of Green (G) color of contaminated and uncontaminated peanuts Figure 6 The average pixel value of Blue (B) color of contaminated and uncontaminated peanuts
The previous figures show that there were significant differences in the average of pixel values of R, G, and B between contaminated and uncontaminated samples. Therefore, classifications of contaminated and uncontaminated peanuts based on the average of pixel values were used to identify the contamination level using K-means clustering.
Results of classification process
Classification of contaminated and uncontaminated peanuts based on the average pixel value of R,G, B color parameters using K-means algorithm resulted in the center value of R, G, and B of 189, 138, and 224 for uncontaminated peanuts, as well as 162, 110, and 180 for contaminated peanuts, respectively. Fig. 7 shows the results of clustering of contaminated and uncontaminated peanuts using K-means clustering method. Figure 7 Classification of contaminated and uncontaminated peanuts using K-means clustering method Fig. 8 shows an analysis of the distance of each point to the cluster center point. It also shows the distance of each point which is closer to the center point of the first cluster compared to the distance of each point of the second cluster indicated by the value higher than 0. This suggests that the classification based on the image processing clustering of contaminated and uncontaminated peanuts worked well. Based on the table, the accuracy of detection was 100% meaning that the performance of machine vision can be used to identify the contaminated and uncontaminated peanuts.
CONCLUSION
A developed machine vision to identify contamination in peanuts is made from aluminum box, equipped with a camera, a petri for placing the sample, USB connector, UV lamp, and a computer. Image processing methods consisted of analysis of the average color of RGB in the region of interest, convertion of RGB into HSV (Hue Saturation Value), segmentation process, as well as convertion image into grayscale and binary objects in order to obtain the total number of pixels value in the object area so that the mean value of the pixels of the area can be calculated. Classification of contaminated and uncontaminated peanuts based on the average pixel value of R,G, B color parameters using K-means algorithm resulted in the center value of R, G, and B of 189, 138, and 224 for uncontaminated peanuts, as well as 162, 110, and 180 for contaminated peanuts, respectively. The accuracy of detection in validation process was 100% meaning that the performance of machine vision can be used to identify the contaminated and uncontaminated peanuts.
